The composition of hydrodistilled essential oils of Ocimum basilicum L. (four chemovariants), O. tenuiflorum L., O. gratissimum L., and O. kilimandscharicum Guerke were analyzed and compared by using capillary gas chromatography (GC/FID) and GC-mass spectrometry (GC/MS). Phenyl propanoids (upto 87.0%) and monoterpenoids (upto 83.3%) were prevalent constituents distributed in the studied Ocimum taxa. The major constituents of the four distinct chemovariants of O. basilicum were methyl chavicol (86.3%), methyl chavicol (61.5%)/linalool (28.6%), citral (65.9%); and linalool (36.1%)/citral (28.8%). Eugenol (66.5% and 78.0%) was the major constituent of O. tenuiflorum and O. gratissimum. Eugenol (34.0%), β-bisabolene (15.4%), (E)-α-bisabolene (10.9%), methyl chavicol (10.2%) and 1,8-cineole (8.2%) were the major constituents of O. kilimandscharicum. In order to explore the potential for industrial use, the extracted essential oils were assessed for their antifungal potential through poison food technique against two phytopathogens, Rhizoctonia solani and Choanephora cucurbitarum, which cause root and wet rot diseases in various crops. O. tenuiflorum, O. gratissimum, and O. kilimandscharicum exhibited complete growth inhibition against R. solani and C. cucurbitarum after 24 and 48 h of treatment. O. basilicum chemotypes showed variable levels of growth inhibition (63.0%-100%) against these two phytopathogens.
The genus Ocimum (family: Lamiaceae) is comprised of about 30 species widely distributed in tropical and subtropical regions of Asia, Africa, Central and South America. Plants belonging to this genus are annual or perennial, highly aromatic, branched herbs or shrubs [1] . This genus is mainly represented by seven species, viz. O. basilicum L., O. tenuiflorum L., O. gratissimum L., O. kilimandscharicum Guerke, O. americanum L., O. filamentosum Forssk., and O. africanum Lour. in continental south east Asia [2] . However, going through the revisionary studies six species does exist in India, while the occurrence of O. africanum in Indian subcontinent is still doubtful unless some major revisionary work is conducted on the genus Ocimum for India. The members of this genus are collectively called 'Tulsi' and/or 'Basil' in Indian ancient literature and described as highly sacred plants which were grown in temples, court-yards, and gardens for various religious rituals [3] . The members of this genus are accredited with various medicinal properties and extensively used in traditional and indigenous medicines for the treatment of various ailments including abdominal pains, colds, coughs, measles, insomnia, rheumatism, sunstroke, gonorrhea, inflammation,snakebite/ insect bites, stomach and kidney malfunctions [3, 4] . Ocimum species are also reputed as a source of essential oils and aromatic chemicals used principally in the food, perfumery, cosmetic and pharmaceutical industries [5] . The essential oil compositions of Ocimum taxa are very complex and show wide-ranging compositional variability as a result of the existence of several chemotypes within species. The complexity of ________ Note: Some parts of this paper were presented as an abstract/poster Regardless of these factors, the major constituents commonly distributed in their essential oils are monoterpenoids (linalool, 1,8-cineole, limonene, camphor, citral, thymol, ocimenes, geraniol) , phenylpropanoids (methyl chavicol, eugenol, methyl eugenol, (Z)-methyl cinnamate, (E)-methyl cinnamate), along with varied proportions of sesquiterpenoids (β-elemene, β-caryophyllene, germacrene D, trans-α-bergamotene, (E)-α-bisabolene, βbisabolene) [4] [5] [6] [7] . Essential oils with distinct composition and their major/marker aroma chemicals determine the specific aroma and flavor potential of Ocimum species/chemotype. In order to explore the potential for industrial use, the yield and composition of hydrodistilled essential oils of the aerial parts of O. basilicum (four chemovariants), O. tenuiflorum, O. gratissimum and O. kilimandscharicum have been examined using capillary gas chromatography (GC/FID) and GC-mass spectrometry (GC/MS). Apart from chemical analysis, the essential oils were assessed for their antifungal activity against two phytopathogens, Rhizoctonia solani and Choanephora cucurbitarumby the poison food technique. Essential oil content (%, v/w) and relative content of constituents are given in basilicum rich in methyl chavicol (86.3%); methyl chavicol (61.5%)/linalool (28.6%); citral (65.9%); and linalool (36.1%)/citral (28.7%) are reported. In the 'methyl chavicol chemotype' (OB-I), methyl chavicol (86.3%) was the major constituent, followed by linalool (2.8%), (E)-β-ocimene (1.6%) and epi-α-cadinol (1.6%). In the 'methyl chavicol/linalool chemotype' (OB-II), methyl chavicol (61.5%) and linalool (28.6%) were the major constituents. The major constituents of the 'linalool/citral chemotype' (OB-III) were linalool (36.1%), neral (11.9%), geranial (16.9%), terpinen-4-ol (6.3%), nerol (5.0%), β-caryophyllene (3.0%), trans-α-bergamotene (2.9%), and α-cadinene (2.7%). The 'citral chemotype' of O. basilicum (OB-IV) contained citral (65.9%) as the major constituent of its essential oil, with 24.1% neral and 41.8% geranial. Other constituents identified in significant amounts were α-cadinene Antifungal activity of essential oils of Ocimum taxa Natural Product Communications Vol. 9 (10) 2014 1509 (8.5%), geraniol (6.2%), nerol (5.2%), β-caryophyllene (1.8%), and trans-α-bergamotene (1.1%). Analysis of the essential oils of O. tenuiflorum revealed phenylpropanoids (66.8%), and sesquiterpenoids (29.5%) as major constituents; mainly represented by eugenol (66.5%), β-caryophyllene (12.4%), β-elemene (9.0%), germacrene D (2.9%) and α-selinene (2.9%). The essential oil of O. gratissimum was also dominated by eugenol (78.0%), followed by (Z)-β-ocimene (4.9%), germacrene D (4.4%), β-caryophyllene (2.7%), and caryophyllene oxide (1.3%). On the other hand, eugenol (34.0%), β-bisabolene (15.4%), (E)-α-bisabolene (10.9%), methyl chavicol (10.2%) and 1,8-cineole (8.2%) were reported as the major constituents of O. kilimandscharicum.
These essential oils were examined for their antifungal activity against the plant pathogenic fungi C. cucurbitarum and R. solani by the poison food technique. O. tenuiflorum, O. gratissimum, and O. kilimandscharicum exhibited complete growth inhibition against R. solani and C. cucurbitarum after 24h and 48 h intervals, whereas the methyl chavicol chemotype of O. basilicum showed complete inhibition against R. solani after 48 h of treatment, but 90% inhibition of C. cucurbitarum at 24h. Other chemotypes of O. basilicum showed variable growth inhibitions against these two phytopathogens. The methyl chavicol/linalool chemotype showed 90% growth inhibition against C. cucurbitarum at 24 h; and 80% and 63% inhibition against R. solani at 24h and 48 h. Further, in the 24h antifungal study, the linalool/citral chemotype showed complete growth inhibition of C. cucurbitarum, whereas the inhibition was ca. 75% against R. solani. The citral chemotype showed 90% inhibition against C. cucurbitarum and R. solani at 24 h ( Table 2) . O. tenuiflorum, O. gratissimum, and O. kilimandscharicum exhibited complete growth inhibition against R. solani and C. cucurbitarum at 24 h and 48 h. The major constituent in all these three Ocimum species was eugenol (34.0%-78.0%) which is reported to be responsible for the antifungal activity of Ocimum essential oil against yeasts and filamentous fungi, such as food-borne, human pathogenic, and phytopathogenic fungi such as Botryosphaeria rhodina and Alternaria spp. [8] .The antimicrobial activities of the essential oils from O. basilicum may be due to their high content of methyl chavicol, linalool and citral, which were also reported to have significant broad antifungal potential [9]. In recent years, essential oils and their constituents have attracted a great deal of scientific interest intheir potential as natural substitutes for synthetic fungicides,which are considered hazardous due to their high toxicity and environmental constraint. Even though the antifungal activity of the essential oils of various Ocimum species against several food-borne fungal species and human/plant pathogenic fungi has been investigated by many researchers for medical purposes [7a-7c, 8,9] , no information is available regarding their efficacy against the phytopathogens R. solani and C. cucurbitarum. Therefore, this is the first time that the antifungal activities of specific chemotypes of O. basilicum, O. tenuiflorum, O. gratissimum and O. kilimandscharicum have been investigated. R. solani is distributed worldwide as an agricultural pathogen, with a broad host range. This pathogen causes foliar and root rot, collar rot, crown rot, foliage blight and seedling damping-off in a variety of crops, including agronomical, ornamental and forest plants [10] . C. cucurbitarum is an air-borne plant pathogen that causes fruit and blossom rot of several species of Cucurbitaceae [11] . It has been identified as a causal agent for stem and leaf rot in Withania somnifera [12] . Besides these, it also causes wet rot disease in, for example, Petunia sp., Solanum sp., Catharanthus sp., Boerhavia diffusa, Glycine max, and Brassica campestris [13] . These two plant pathogens having a wide range of hosts and causing various diseases in economic plants, and are generally managed by agricultural practice control methods, viz. by proper plant spacing, adequate drainage, proper micronutrient management, deep irrigation application and by overhead irrigation control. These phytopathogens are also managed by application of common synthetic fungicides such as Blitox 50, Bavistin, benomyl, carbendazim, edifenphos, and quintozene, which are hazardous to soil microbes and have toxic consequences for different components of the ecosystem [13, 14] . The results of the present analysis show that the essential oils of Ocimum taxa (O. basilicum, O. kilimandscharicum, O. gratissimum, O. tenuiflorum) exhibit significant growth inhibition activity against these two phytopathogens, and thus may be used as natural fungitoxic agents for the control of the diseases related to these phytopathogens in field conditions, after appropriate field trials.
Experimental

Plant materials and isolation of essential oils:
The fresh aerial parts of the studied Ocimum species/chemotypes were collected from the field gene bank of CSIR-Central Institute of Medicinal and Aromatic Plants, Research Centre, Pantnagar(29° N, 79.38° E; 243.84 m) at the blooming stage. Freshly harvested samples (200 g each) were hydrodistilled in a Clevenger apparatus for 3 h for isolation of the essential oils. These were measured directly in the extraction burette and content (%) was calculated as volume (mL) of essential oil per 100 g of fresh plant material. The oils were collected and dehydrated by anhydrous sodium sulfate (Na 2 SO 4 ) and stored in amber vials in a cool and dark place prior to analysis.
Qualitative and quantitative analyses of essential oil: GC analyses of the essential oil samples were carried out on a Varian-3900 Gas Chromatograph equipped with a Flame Ionization Detector (FID) and a DB-5 (5% phenyl polysiloxane, 60 m × 0.32 mm; 0.25 μm film coating) fused silica capillary column. Nitrogen was used as carrier gas at 1.0 mL min -1 . Temperature programming was from 60-250 °C at 3 °C min -1 with a final hold time of 10 min. Injector and detector temperatures were 230 °C and 250 °C, respectively. Injection size was 0.02 μL neat (syringe: Hamilton 1.0 μL capacity, Alltech USA) and split ratio was 1: 40. GC-MS analyses and identification of constituents were achieved as previously described [4] Antifungal activity: The essential oils extracted from Ocimum species/chemotypes were assessed for their antifungal activity against R. solani AG 4 and C. cucurbitarum. These fungal strains were maintained in the culture bank of the Plant Pathology Department of CSIR-CIMAP, Lucknow, India. The antifungal activity through the contact phase was determined by the poison food technique [15] . The oil was added to 15 mL PDA at 40-45 °C to obtain different final concentrations (0.3, 0.6, 1.0, 1.3 and 1.6 mg mL -1 ). After pouring the media into a Petri-plate, a fungal disc of 5.0 mm diameter from 4 days old culture was introduced at the center of the plate and incubated at 25 °C for 24 h to 48 h. Petriplates without oil served as a control. Percentage inhibition was calculated by comparison of the colony diameter of the poisoned 1510 Natural Product Communications Vol. 9 (10) 2014
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plate with the control by the formula: Growth inhibition (%)= [(Growth in control -Growth in treatment)/ Growth in control] ×100
